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Abstract:  Nonlinear  information  processing  via  two-beam  coupling  using  thin-film  organic 
photorefractive  material  is  demonstrated.  The  organic  material  is  found  to  possess  superior  response 
time  and  resolution  compared  to  photorefractive  bulk  material.  The  possibility  of  designing  dynamic 
range  compression  deconvolution  for  restoring  blurred  images  embedded  in  a  noisy  environment  is 
also  demonstrated. 

Keywords:  Photorefractive  optics;  Nonlinear  optical  signal  processing;  Optical  nonlinearities  in 
organic  materials 


1.  INTRODUCTION 

Imaging  in  atmospheric  turbulence  has  been  a  research  topic  for  many  years.  Currently,  there  are  some 
well  established  techniques  for  image  restoration.  However,  if  the  atmospheric  turbulence  becomes  a 
severe  scattering  medium,  most  conventional  approaches,  such  as  inverse  filtering  and  Wiener 
filtering  (1)  (the  optimal  mean  square  error  image  restoration  filter),  won’t  be  adequate  for  correcting 
the  captured  images. 

In  addition  weather  volumes  with  clouds,  fog,  smoke,  haze,  dust,  or  other  dispersed  substances  can 
significantly  reduce  the  image  quality  in  the  visible  spectrum.  These  situations  produce  degraded 
images  in  conventional  cameras  when  imaging  in  remote  sensing  applications. 

To  overcome  the  shortcoming  with  the  conventional  image  restoration  approaches,  we  propose  a 
dynamic  range  compression  image  restoration  technique  using  optical  two  beam  coupling  (2-4). 
Operating  these  devices  in  the  dynamic  range  compression  regime  with  high  efficiency  requires  high- 
gain  bulk  photorefractive  materials  (5,  6). 

Unfortunately,  the  response  time  of  all  high-gain  photorefractive  materials  is  on  the  order  of  seconds, 
making  them  impractical  for  real-time  signal  processing  applications.  In  addition,  the  resolution  in  the 
energy  transfer  via  two-beam  coupling  with  thick  holographic  material  is  low  for  two  reasons  (6,  7): 
(1)  reflection  from  the  thick  hologram,  and  (2)  the  dephasing  factor,  which  increases  with  the 
thickness  of  the  holographic  material.  Both  the  response  time  and  resolution  issues  can  be  overcome 
by  using  thin  film  holographic  material. 
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Photorefractive  materials  in  both  two-beam  coupling  and  four-wave  mixing  architectures  have  been 
used  in  a  variety  of  applications,  including  edge  enhancement  (8),  optical  correlation  (9),  defect 
enhancement  (10),  associative  memory  (11),  and  image  amplification  (12). 

2.  BACKGROUND 

Here  we  introduce  the  two-beam  coupling  joint  Fourier  processor.  Figure  1  shows  the  proposed 
architecture  of  our  two-beam  coupling  joint  Fourier  processor. 


Figure  1.  Two-beam  coupling  joint  Fourier  processor 


A  joint  image  of  a  remote  source  and  the  object  is  captured  via  an  optically  or  electrically  addressed 
spatial  light  modulator  for  processing.  The  Fourier  transform  of  the  joint  image  (A2)  is  used  to  pump 
either  a  clean  or  a  spectrally  variant  reference  beam  (A|)  via  a  nonlinear  photorefractive  element.  The 
CCD  camera  captures  the  Fourier  transform  of  the  lowpass  filtered  diffracted  beam  (A3).  This  beam 
contains  gray  level  information  for  the  corrected  image  and  its  conjugate.  The  spectrally  variant 
reference  beam  is  shaped  through  a  beam  profiler.  A  beam  profiler  is  a  spatial  light  modulator  (SLM) 
addressed  by  the  joint  spectra  envelope  through  direct  measurement.  The  beam  profiler  is  essential  to 
reduce  extremely  high  beam  ratios  required  to  achieve  dynamic  range  compression.  The  deflected 
output  from  the  crystal  is  spatially  filtered  through  an  amplitude  lowpass  filter  Fs  (vx,  vy).  The  output 
of  this  filter  is  Fourier  transformed  to  produce  the  joint  spectra  gray  level  recovered  information  and  is 
given  by: 


A(wx,vy)  =  A(0) 


l  +  W/(A//)2|/?(^,vr)  +  ^,^)|2 
1  +  m/W,)2 1  R(vx,vy)  +  S(vxtvr)  |J  exp(-T/) 


1/2 


Fs(Vx>Vy) 


(1) 


where  vx  and  vy  are  spatial  frequencies,  m  is  the  beam  intensity  ratio  before  passage  of  the  signal  beam 
through  the  transparency  bearing  objects,  2  is  the  wavelength,  f  is  the  focal  length,  r  is  the  intensity 
coupling  constant,  /  is  the  crystal  thickness,  and  R  and  S  are  H  and  HF,  respectively.  According  to  this 
equation  the  nonlinear  transfer  function  of  the  diffracted  beam  consists  of  square-law  receiving  and 
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saturation  nonlinearity  (3,  4).  The  square-law  receiving  is  responsible  for  mixing  the  Fourier  transform 
of  the  blurred  image  with  the  impulse  response  thereby  correcting  the  phase  aberration.  The  saturation 
nonlinearity  associated  with  energy  transfer  of  two  beam  coupling  is  responsible  for  enhancing  both 
the  high  frequency  components  of  the  image  (restoring  edge  features)  and  the  signal-to-noise  ratio 
when  the  noise  is  stronger  than  the  signal  (reducing  additive  noise). 

The  proposed  setup  is  based  on  the  energy  transfer  within  two  beam  coupling.  The  earlier  works  on 
energy  transfer  in  two  beam  coupling  via  bulk  photorefractive  material  was  considered  for  a  beam 
cleanup  device  (13).  Later  attempts  with  thinner  material  introduced  in  reference  14,  it  was 
demonstrated  that  the  energy  transfer  in  two  beam  coupling  functions  as  an  optically  addressed  spatial 
light  modulator,  but  with  degraded  performance.  The  degraded  performance  of  energy  transfer  two 
beam  coupling  in  bulk  photorefractive  material  is  anticipated  for  several  reasons: 

(1)  The  diffracted  very  narrow  beam  (delta  function)  from  a  bulk  material  is  a  broad  beam  (broad 
impulse  response)  (15). 

(2)  The  dephasing  in  Bragg  matched  conditions  (16,  17)  is  asymmetric  for  both  reflection  and 
transmission  geometry.  The  asymmetry  in  the  dephasing  factor  is  more  severe  in  the 
transmission  geometry  than  in  the  reflection  geometry.  Maximum  dephasing  happens  in  the 
interfering  beams  plane  while  the  minimum  dephasing  happens  perpendicular  to  the  interfering 
beams  plane.  This  asymmetry  diminishes  fully  in  the  back  propagating  geometry.  The  effect  of 
the  dephasing  on  the  efficiency  of  the  energy  transfer  is  less  for  thin  holographic  material. 
Therefore,  in  order  to  avoid  the  asymmetric  dephasing  factor  and  the  broad  impulse  response, 
we  decided  to  use  thin  film  organic  photorefractive  material.  The  above  arguments  indicate 
that  the  reflection  and  the  counter  propagation  geometries  should  be  able  to  give  us  the  best 
results  in  terms  of  resolution.  However,  this  is  not  necessary  true,  because  the  efficiency  of 
both  reflection  and  counter  propagation  geometries  are  low  which  might  not  provide  enough 
dynamic  range  compression  needed  for  performing  the  compression  deconvolution. 

3.  EXPERIMENTAL  SETUPS  AND  RESULTS 

Prior  to  demonstrating  the  dynamic  range  compression  deconvolution  using  two  beam  coupling,  we 
conducted  several  tests: 

(1)  The  two  beam  coupling  energy  transfer  fidelity  in  terms  of  resolution  and  symmetry  as  a 
spatial  light  modulator  as  well  as  a  Fourier  processor. 

(2)  The  two  beam  coupling  energy  transfer  fidelity  as  a  symmetric  joint  Fourier  processor. 

(3)  Dynamic  range  compression  capability  of  two  beam  coupling  for  signal  to  noise  improvement. 

(4)  Dynamic  range  compression  edge  enhancement  via  compression  deconvolution. 

3.1  Two  beam  coupling  energy  transfer  spatial  light  modulation  fidelity 

For  the  first  time,  we  demonstrate  high  optical  quality  spatial  light  modulation  using  energy  transfer  in 
two  beam  coupling.  We  tested  the  spatial  light  modulation  fidelity  of  two  beam  coupling  using  Nitto 
Dcnko  organic  (18)  material  in  both  the  transmission  and  reflection  geometries  as  an  imager  and  as  a 
Fourier  processor.  Figure  2(A,  B)  show  the  experimental  arrangement  for  testing  spatial  modulation 
fidelity  for  the  transmission  and  the  reflection  geometries,  respectively.  We  have  also  set  the  spatial 
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light  modulation  experiment  in  the  counter-propagating  geometry  which  is  essentially  the  reflection 
geometry  setup  with  counter  propagating  write  up  beams. 


Figure  2.  (A)  Transmission  geometry  and  (B)  Reflection  Geometry 


The  input  object  was  either  imaged  or  Fourier  transformed  to  the  organic  material  through  a  lens.  In 
the  imaging  case,  a  lens  with  focal  point / was  located  at  a  distance  of  2/ from  both  the  input  and  the 
organic  material.  For  the  Fourier  processing  case,  the  lens  was  located  at  a  distance  of /  from  the 
organic  material.  It  is  shown  in  the  figure  that  the  material  was  tilted  0=40°  and  0=70°  for  the 
transmission  geometry  and  the  reflection  geometry,  respectively. 

Figure  3(A)  shows  the  output  result  in  the  transmission  geometry  for  the  imaging  case  when  the  input 
was  a  US  Air  Force  resolution  chart.  As  it  is  evident,  it  was  possible  to  show  a  high  quality 
modulation  of  one  beam  with  another  beam’s  information  through  energy  transfer  in  two-beam 
coupling. 
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The  Fourier  processing  capability  was  tested  by  Fourier  transforming  a  periodical  structure  to  the 
organic  material.  The  Fourier  transform  of  a  periodical  structure  is  a  periodical  structure.  Modulating  a 
clean  beam  with  a  periodical  structure  via  the  energy  transfer  in  two  beam  coupling  should  give  us  a 
periodical  structure  as  well,  while  the  Fourier  transformation  of  this  output  should  be  again  a 
periodical  structure.  Figures  3(B)  shows  a  periodical  structure  for  Fourier  processing  testing  in  the 
transmission  geometry.  The  symmetry  in  periodical  structure  testing  of  the  transmission  geometry 
indicates  that  the  two  beam  coupler  can  function  as  an  excellent  Fourier  processor.  In  contrast,  the 
results  in  the  reflection  geometry  shows  less  resolution  quality  compared  to  the  transmission  geometry 
due  to  the  coupling  with  internal  reflection  within  the  thin  film  as  it  is  apparent  in  Figure  3(C).  To 
avoid  the  internal  reflection,  we  tilted  the  material  by  an  angle  of  0=70°.  The  coupling  from  the 
internal  reflection  was  avoided  as  shown  in  Figure  3(D);  however,  the  efficiency  of  the  energy  transfer 
was  significantly  reduced. 


Figure  3.  The  energy  transferred  results  of  (A)  a  resolution  chart,  (B)  periodical  structure  for  transmission 
geometry,  (C)  periodical  structure  for  reflection  geometry  0=0  and  (D)  periodical  structure  for  reflection  geometry 
0=70" 


3.2  Joint  Fourier  Processor  Symmetric  Fidelity 

In  our  previous  work,  we  attempted  to  perform  optical  correlation  via  energy  transfer  in  two  beam 
coupling.  Even  though  it  was  demonstrated  in  computer  simulation  that  correlation  via  two  beam 
coupling  has  superior  performance  compared  to  binary  filter  and  optimal  filters;  however,  these 
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correlators  couldn’t  been  used  in  joint  Fourier  processors  due  to  their  lack  of  symmetry  in  their 
correlation  results.  This  also  applies  for  deconvolution  processors. 

For  the  first  time,  we  demonstrate  a  symmetric  joint  Fourier  processor  using  energy  transfer  in  two 
beam  coupling  with  organic  photorefractivc  materials.  In  order  to  test  the  joint  Fourier  processor 
fidelity,  we  used  two  circles  as  the  joint  input.  The  correlation  between  the  two  circles  should  be  as 
maximum  as  possible  invariant  to  the  input  rotation. 

The  experimental  arrangement  for  testing  the  joint  Fourier  processing  fidelity  of  two-beam  coupling  in 
transmission  and  reflection  geometries  are  shown  in  Figure  4(A)  and  4  (B),  respectively.  We  have  also 
tested  the  correlation  experiment  for  the  counter-propagating  geometry. 


Figure  4.  Two-beam  coupling  JTC  in  (A)  transmission  geometry,  (B)  reflection  geometry 

The  laser  beam  was  collimated  and  divided  to  two  beams;  one  beam  was  passed  through  a  neutral- 
density  filter,  while  the  other  beam  was  passed  through  a  metallic  mask  with  several  pairs  of  circular 
holes.  Each  pair  represents  the  signal  (s)  and  the  reference  (r).  This  target  was  chosen  to  test  the 
correlation  fidelity  of  this  scheme  for  more  sophisticated  experiments.  The  signal  and  the  reference 
beams  were  jointly  Fourier  transformed  via  a  lens  and  were  interfered  with  a  clean  beam  at  the  organic 
material  plane.  The  diffracted  output  from  the  material  (correlation  result)  was  Fourier  transformed 
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and  captured  via  a  CCD  camera.  Figure  5  shows  the  experimental  results  of  correlating  two  identical 
circular  holes.  Figure  5(a)  shows  the  correlation  peaks  when  the  holes  are  vertically  aligned,  while 
figures  2(b)  and  2(c)  show  the  results  when  the  mask  is  rotated  45°  and  90°,  respectively. 


Figure  5.  (a)  the  correlation  peaks  when  the  holes  are  vertically  aligned,  (b)  45°  rotated,  (c)  90°rotated  and  (d) 
correlation  results  using  bulk  photorefractive  material 

It  is  clear  from  these  results  that  the  correlation  peaks  can  be  very  narrow  and  the  rings  around  them 
can  be  observed  completely  if  we  use  the  organic  thin  film  material  from  Nitto  Dcnko,  while 
performing  this  experiment  with  bulk  photorefractive  material  would  result  in  broader  correlation 
peaks,  with  arcs  around  them  instead  of  rings.  This  is  due  to  the  dephasing  and  broad  impulse 
response  in  bulk  photorefractive  material  as  discussed  before,  which  is  shown  in  Figure  5(d).  The  fact 
that  we  could  get  correlation  results  regardless  of  the  target  orientation  using  organic  thin  film 
material  will  allow  us  to  test  more  complex  input  images  than  was  possible  using  bulk  photorefractive 
material. 

The  theoretical  basis  of  the  two-beam  coupling  joint  transform  correlator  presented  in  equation  (1) 
was  derived  using  the  plane-wave  two-beam  coupling  wave  equation  solutions.  This  equation  is 
plotted  in  figure  6.  In  the  diffusion  limit,  when  a  clean  beam  with  spatially  constant  amplitude  is 
amplified  by  a  beam  bearing  joint  spectra  of  two  images,  r  and  s,  the  output  at  the  crystal  (Fourier) 
plane  can  be  written  as  equation  1 . 


Proc.  of  SPIE  Vol.  7340  73400J-7 


Downloaded  from  SPIE  Digital  Library  on  08  Nov  2010  to  146.153.144.35.  Terms  of  Use:  http://spledl.org/terms 


Figure  6.  Two-beam  coupling  input-output  nonlinear  transfer  function 


Figure  7  shows  the  correlation  results  for  reflection  geometry.  As  we  discussed  before,  in  order  to 
avoid  the  internal  reflection  we  tilted  the  organic  film  by  70°.  Figure  below  shows  this  improvement 
from  (a)  0=0°,  (b)  0=40°  to  (c)  0=  70°. 


Figure  7.  Correlation  results  in  reflection  geometry:  (a)  0=0",  (b)  0=40",  and  (c)  0=70" 


3.3.  Dynamic  range  compression  capability  for  signal  to  noise  improvement 

For  the  first  time,  we  experimentally  demonstrate  the  peak  (signal)  to  noise  enhancement  of  a 
symmetric  noise  compression  utilizing  the  dynamic  range  compression  features  of  two-beam  energy 
transfer.  The  input-output  nonlinear  transfer  functions  via  energy  transfer  in  two  beam  coupling 
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functions  as  a  limiting  square  law  receiver.  At  low  signal  intensities,  it  functions  as  a  square-law 
receiver  and  at  high  signal  intensities;  it  functions  as  a  hard-clipper  and  a  dynamic  range  compression 
device.  As  demonstrated  before.  Figure  6  illustrates  the  two-beam  coupling  input-output  nonlinear 
transfer  function.  For  a  signal  embedded  in  noise,  the  limiting  square-law  receiver  enhances  the 
signal-to-noise  ratio  (SNR).  The  optimal  receiving  point  for  enhancing  the  SNR  is  when  the  noise 
variance  is  equal  to  the  hard  clipping  point  (threshold  value). 

Figure  8  shows  our  experimental  setup,  in  which  zero-mean  noise  was  generated  by  a  diffuser  for  both 
transmission  and  reflection  geometries.  Also,  we  set  up  the  experiment  in  counter-propagating 
geometry  which  is  essentially  the  reflection  geometry  with  counter  propagating  writing  beams.  The 
noise  transmission  from  the  diffused  beam  to  the  reference  beam  was  performed  via  the  two-beam 
coupling  energy  transfer  utilizing  Nitto  Denko  thin-film  photorefractive  material.  The  square-law 
nonlinearity  associated  with  two-beam  coupling  converts  the  zero-mean  noise  to  nonzero-mean  noise. 
For  a  perfect  square-law  receiver  (low  beam  ratio),  50%  of  the  noise  energy  is  converted  to  DC,  while 
the  rest  of  the  energy  remains  zero-mean  Gaussian  noise  with  double  the  frequency.  The  Fourier 
transform  of  the  noisy  diffracted  output  has  a  large  DC  peak  within  the  surrounding  high  frequency 
noise.  For  a  low  energy  noise  beam,  the  square-law  operation  results  in  the  energy  equality  of  the  DC 
peak  and  the  surrounding  noise,  while  for  a  high  energy  noise  beam,  the  dynamic  range  compression 
results  in:  (a)  an  increase  in  noise  frequency,  and  (b)  an  increase  in  the  DC  component  intensity 
relative  to  the  surrounding  zero-mean  noise  components. 
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Figure  9  shows  our  experimental  results  for  the  Fourier  transform  of  the  diffracted  noisy  output  for 
four  different  beam  ratios.  The  gray  level  insets  are  the  captured  photos,  while  the  colored  images  are 
the  pseudo  color-coded  versions  of  the  original  photos.  These  results  were  normalized  to  the  exact 
measured  DC  intensities.  It  is  evident  that  the  DC  peak  intensity  is  the  same  in  all  of  these  images 
(brown  area),  while  the  intensity  of  the  surrounding  noise  decreases  (yellow  to  blue  areas)  as  the 
dynamic  range  compression  is  increased  (  i.e.  higher  beam  ratios). 


Figure  9.  Noise  compression  experimental  results 


We  performed  the  same  experiment  in  the  reflection  geometry;  the  results  were  similar  except  it  was 
hard  to  conduct  the  experiment  over  a  large  dynamic  range.  Figure  1 0  shows  results  of  noise  transfer 
when  the  experiment  was  conducted  in  the  reflection  geometry. 


Figure  10.  Noise  transfer  function  in  the  reflection  geometry  for  (A)  the  bulk  material  and  (B)  the  Nitto  Denko  thin 
film  organic  material 
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This  figure  shows  the  comparison  of  the  output  results  from  (A)  the  bulk  material  and  (B)  the  Nitto 
Denko  thin  film  organic  material.  Comparing  these  results  shows  that  the  noise  energy  transfer  around 
the  DC  peak  at  the  center  is  nearly  symmetric  when  the  experiment  is  performed  with  Nitto  Denko 
thin  film  organic  material  and  is  asymmetric,  nearly  truncated  in  the  horizontal  direction  when  the 
bulk  material  is  used. 

3.4.  Dynamic  range  compression  edge-enhancement  via  two  beam  coupling  energy  transfer 

Two-beam  coupling  dynamic  compression  edge  enhancement  is  a  special  case  of  our  proposed  two- 
beam  coupling  nonlinear  deconvolution.  In  the  proposed  deconvolution  technique,  a  joint  image  of  a 
point  source  and  a  target  is  captured  via  an  optically  or  electrically  addressed  spatial  light  modulator 
as  shown  in  figure  1 1 . 


Figure  1 1.  Two-beam  coupling  nonlinear  deconvolution  setup 


The  captured  image  consists  of  the  impulse  response  of  the  distortion  medium  (the  blur  function)  and 
the  blurred  target  image.  The  Fourier  transform  of  the  joint  image  is  used  to  pump  cither  a  clean  or  a 
spectrally  variant  reference  beam  within  a  nonlinear  photorefractive  element.  The  CCD  camera 
captures  the  Fourier  transform  of  the  lowpass  filtered  diffracted  beam.  This  beam  contains  the  gray 
level  information  for  the  corrected  image  and  its  conjugate.  The  spectrally  variant  reference  beam  is 
shaped  through  a  beam  profiler.  A  beam  profiler  is  a  SLM  addressed  by  the  joint  spectra  envelope 
through  direct  measurement.  The  beam  profiler  is  essential  to  reduce  the  extremely  high  beam  ratios 
required  to  achieve  dynamic  range  compression.  The  diffracted  output  from  the  photorefractive 
material  is  spatially  filtered  through  an  amplitude  lowpass  filter,  Fs  (vx,  vy).  The  output  of  this  filter  is 
Fourier  transformed  to  produce  the  gray  level  recovered  information  (deconvolution  result)  as  given  in 
equation  1 ,  where  R  and  S  are  H  (blur  function)  and  HF  (blurred  image),  respectively.  According  to 
this  equation,  the  nonlinear  transfer  function  of  the  diffracted  beam  consists  of  square-law  receiving 
and  saturation  nonlinearity.  The  square-law  receiving  is  responsible  for  mixing  the  Fourier  transform 
of  the  blurred  image  with  the  impulse  response,  thereby  correcting  the  phase  aberration.  The  saturation 
nonlinearity  associated  with  the  energy  transfer  in  two-beam  coupling  (Figure  6)  is  responsible  for 
enhancing  both  the  high  frequency  components  of  the  image  (restoring  edge  features)  and  the  signal- 
to-noise  ratio  when  the  noise  is  stronger  than  the  signal  (reducing  additive  noise).  For  a  noiseless 
image  and  Fs  (vx,  vy)=  1,  the  recovered  image  is  always  the  edge  enhanced  version  of  the  original 
image,  regardless  of  the  existence  of  a  blurring  function  in  the  system. 
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Figure  12  shows  our  edge  enhancement  experimental  setup,  in  which  the  photorefractive  material  is  a 
Nitto  Dcnko  organic  thin  film. 


CCD 


Figure  12.  Edge  enhancement  experimental  setup 


Here  the  joint  image  is  not  blurred,  so  the  joint  input  consists  of  a  probe  beam  (a  delta  function)  and 
the  original  image.  The  output  result  of  this  experiment  should  be  the  edge  enhanced  version  of  the 
original  input,  as  expected  from  image  restoration  with  the  dynamic  range  compression  deconvolution 
experiment.  The  result  is  shown  in  Figure  13,  where  (A)  is  the  input  image  and  (B)  is  the  edge 
enhanced  version.  The  output  result  (the  edges  quality)  can  significantly  improve  if  the  clean  probe 
beam  is  expanded. 


Figure  13.  Edge  enhancement  result:  (A)  is  the  input  image  and  (B)  is  the  edge  enhanced  version 
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The  experiment  was  performed  on  the  low  spectral  band  of  the  Fourier  spectrum  as  shown  in  Figure 
14.  The  clean  reference  beam  overlapped  only  a  small  portion  of  the  Fourier  spectrum. 


Fourier 

^Transform 


Reference 

beam 


Figure  14.  Reference  beam  covering  the  low  spectral  band  of  the  Fourier  spectrum 


The  reference  information  in  this  experiment  is  a  delta  function,  therefore  the  input-output  nonlinear 
transfer  function  can  be  expressed  as  equation  2,  where  a  is  the  delta  function  Fourier  transform 
adjusted  by  the  beam  amplitude. 


A(vx,vy)  =  A(0) 


l  +  m/(A/,)2  |a  +  5(v’J>^)|2 
\  +  ml{Af,)2\a  +  S(vx,vy)\2  exp(-g) 


(2) 


We  are  currently  in  the  process  of  implementing  more  complex  image  deconvolution  schemes. 


4.  CONCLUSION 

In  conclusion,  we  tested  the  fidelity  of  the  two  beam  coupling  energy  transfer  spatial  light  modulator 
for  both  imaging  and  Fourier  processing  systems.  We  have  also  tested  the  fidelity  of  the  two  beam 
coupling  energy  transfer  as  a  symmetric  joint  Fourier  processor.  The  dynamic  range  compression 
capability  of  the  Nitto  Denko  organic  film  for  noise  compression  and  peak  (signal)  to  noise  ratio 
enhancement  as  well  as  edge  enhancement  via  two  beam  energy  transfer,  which  is  essentially  a  special 
case  of  dynamic  range  compression  deconvolution,  were  implemented. 
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